Objective: To determine whether vitamin E would slow the progression of cognitive deterioration and dementia in aging persons with Down syndrome (DS).
Individuals with Down syndrome (DS) are uniquely vulnerable to Alzheimer disease (AD), with reports that those 35-40 years of age show key neuropathologic changes characteristic of AD [1] [2] [3] and clinical signs of dementia around the age of 50 years. 4, 5 With increasing life expectancy, 6 there is a growing need to identify appropriate interventions. While there are approved treatments for AD, which have been assessed in those with DS, 7, 8 there is little established methodology for preventing or treating cognitive loss in DS or in reducing incipient dementia.
Oxidative stress as a mechanism of pathology in both AD and the DS brain is supported by studies demonstrating oxidative damage in Alzheimer brain [9] [10] [11] and by in vitro studies identifying the role of free radicals in neuronal damage in DS 12, 13 and peripheral markers of oxidative stress in DS. 14, 15 Given these reports, it is reasonable to explore antioxidant treatment strategies in aging individuals with DS.
Evidence that the antioxidant vitamin E may have a therapeutic role in cognitive disorders is mixed. Two clinical trials of individuals with AD demonstrated slower clinical progression and less functional deterioration over multiple years. 16, 17 However, another trial in those with mild cognitive impairment demonstrated no benefit of vitamin E in slowing cognitive loss or reducing the transition to AD. 18 Based on these data, the primary hypothesis was that high-dose vitamin E would slow clinical deterioration in aging persons with DS over a 3-year period, presumably through its antioxidant action.
A major challenge to assessing vitamin E in DS is selection of the appropriate population and outcome. The trials with evidence of a benefit of vitamin E focused on noncognitive outcomes. In addition, individuals with DS have limited capacity to be assessed with traditional cognitive measures and therefore this study chose to use the Brief Praxis Test, a measure sensitive to longitudinal change in an aging DS population and useful in individuals with a wide range of intellectual developmental delay. 19, 20 METHODS Participants. The trial recruited participants with DS, for whom English was their primary language, aged 50 years or older, with or without dementia as determined by medical examination who were medically stable with stable medication for 3 months or more. Participants were communitydwelling, living at home or in residential (but not skilled nursing) facilities. Exclusion criteria included inability to score a minimum of 20 points on the Brief Praxis Test (BPT), major depression within the past 3 months, evidence of vascular dementia, a history of coagulopathy, use of anticoagulants, and vitamin E use (at a dose greater than 50 IU/day) in the previous 6 months. The use of stable doses of approved treatments for dementia was permitted. A stable study partner with adequate knowledge of the participant's day-to-day function was identified for each participant. This could have been a family member or a paid care provider. Study conduct was done through a collaboration of international clinical research sites with research experience in adult individuals with DS. 21 Recruitment occurred at 21 sites in 5 countries.
Standard protocol approvals, registrations, and patient consents. The overall study was approved by the institutional review board (IRB) of the Research Foundation for Mental Hygiene. An IRB or regional ethics review board approved the study at each site and prior to any procedures; informed consent was obtained in accordance with local standards and requirements. In general, individuals with DS of this age group had a clearly identified legally authorized representative who provided consent and all participants provided assent. The trial was registered at clinicaltrials.gov (NCT00056329).
Primary outcome measure. The primary outcome measure, the BPT, has demonstrated sensitivity to change over time in aging persons with DS. 19, 20 It has been validated as a measure of clinical status and cognitive function in both cross-sectional and longitudinal studies. 22 Standardized training on the outcome measures was completed by each blinded assessor at all clinical sites via both in-person and video training. Site staff were certified to conduct the outcome after demonstrating administration and scoring competence on a test video.
Secondary outcome measures. Secondary outcome measures (described in detail elsewhere 19 ) included memory tests, both verbal and visual (modified Fuld Object Memory Test, New Dot Test), Vocabulary Test, Orientation Test, The Behavior & Function Questionnaire, and the Clinical Global Impression of Change (CGI-C). Dementia was assessed at each visit in those who did not have a diagnosis of dementia, using criteria from the DSM-IV.
Safety assessment. Vital signs, medical examination, a symptom checklist, and adverse event reporting were captured to assess safety at each visit.
Intervention. Randomization to vitamin E 1,000 IU orally twice daily or placebo occurred in a 1:1 ratio for 3 years. Participants were also provided with a one-a-day multivitamin. Medication adherence was supervised by the study partner. Medication was returned and counted on site. In cases of less than 80% compliance, study partners were reinstructed to insure medication adherence.
Randomization and blind. In this parallel-group trial, randomization to vitamin E or placebo, in a 1:1 ratio, was conducted centrally. Assignment was stratified by site and by presence of AD. This was a double-blind study. Participants, study partners, and site personnel did not know whether the participant was receiving active medication or placebo. Staff at the sites and at the Data Coordinating Center were blind to treatment assignment with the exception of staff members who prepared the randomization scheme.
Procedures. Participants were characterized by medical and neurologic evaluation including laboratory studies for hematology, chemistry, folate, B 12 , syphilis serology (rapid plasma reagin), thyroid function assessment (thyroid-stimulating hormone or free thyroxine index), and prothrombin time to ensure medical stability and to rule out other causes of dementia. APOE genotype analysis was also done due to its effect on AD risk (e4 allele increases risk and e2 allele decreases risk). 23, 24 Level of lifelong intellectual disability (ID) (mild, moderate, severe, or profound) and trisomy 21 status was collected from record review. A structured evaluation was completed by a study physician to determine dementia diagnosis using DSM-IV criteria for Alzheimer Disease 25 and ICD-9 26 criteria for dementia. Participants were randomized at baseline and after randomization all outcomes were collected at 6-month intervals. All data were monitored on site by centralized monitors who reported to the Data Coordinating Center.
Data analysis. The primary research question was as follows:
Does vitamin E slow the clinical deterioration of aging in persons with DS, assessed with an intent-to-treat analysis, which included all participants according to initial group assignment at randomization? Group differences at baseline in clinical and demographic variables were examined with t test or x 2 . Planned analysis called for examination of imbalance between groups for sex, age, ID status, presence of dementia, and APOE e4 allele.
These variables would be included in the primary analysis, which used the generalized estimating equations (GEE) to assess BPT scores and other outcomes. GEE permits the use of all available data. Chi-square was used for the secondary analysis of incident dementia.
Sample size estimate was set at approximately 200 in each group, based on an effect size of one third reduction in mean 3-year change score, with a desired power of between 95% and 97% using the GEE method and anticipating a 10% dropout rate. The same sample size provided between 79% and 83% power for the observation of a 0.25 effect size.
RESULTS
The first participant in this study was randomized on May 21, 2002. The last participant was completed on April 12, 2010, with the end of the trial. A total of 349 participants were screened and 337 were randomized and available for the analysis of the primary outcome. The Consolidated Standards of Reporting Trials flow diagram (figure 1) is provided. The majority of those randomized (table 1) were male (202/337; 60%), were white nonHispanic (328/337; 97%), had mild to moderate level of ID (224/304; 74%), did not have dementia (249/337; 74%), and were living in a residential facility (249/337; 74%). Dementia medication use was rare (memantine 3/337 and donepezil 6/337). There were no differences between vitamin E and placebo groups on these demographic features, though there was a higher percentage of female participants in the treated group than in the placebo group, which approached significance (45% vs 35%; p 5 0.06), and this variable was included in the model. Results of secondary outcomes. No differences were observed between drug and placebo on any of the On the CGI-C, the majority of participants showed no change or worsening, with no difference between the groups (figure 3: CGI-C). The vitamin E group had 44 cases of incident dementia (37%) and the placebo group had 36 (29%); this difference was not significant (p 5 0.22).
Results of safety assessments. Nonserious adverse events (AE) were common; 96% of the treatment group vs 93% of the placebo group had one or more AE, but the difference was not significant (p 5 0.90). Most common were diarrhea, depression/crying, and joint pain (table e-1 on the Neurology ® Web site at Neurology.org). There was also no difference between groups in the number of patients who experienced serious AE (SAE) such as medical conditions that required hospitalization or significant treatment or care (drug 31.5% vs placebo 32%; p 5 1.00). However, there were more deaths in the treatment (28) than placebo (16) group (17% vs 10%) and this difference approached significance (p 5 0.086). None were deemed related to treatment. The most commonly reported cause of death was pneumonia/respiratory failure (8 in placebo, 14 in treatment), cardiac arrest (4 in placebo, 5 in treatment), and cerebral hemorrhage (3 in treatment group). Additional analyses examined subgroups of those with and without dementia at baseline with no indication of vitamin E/placebo difference on the BPT or secondary outcomes (data not shown).
DISCUSSION Vitamin E did not slow the progression of cognitive deterioration in DS. The lack of efficacy was observed across cognitive, functional, behavioral, and clinical global outcomes. It was observed in all planned subgroups, including those with and without dementia, and those with and without an APOE e4 allele. This study was based on animal and cell culture studies that indicate that lowering oxidative stress will reduce neurodegeneration. [27] [28] [29] While the study was also based on a trial demonstrating slowing of clinical decline in moderately impaired individuals with AD, the present results parallel those of recent reports of no improvement in cognition with antioxidant combinations that included lower dose of vitamin E in other populations 30 as well as in adults with DS. 31 We did not measure antioxidant activity in this study, though a recent report describes lowering of CSF isoprostane, a marker of antioxidant function, with vitamin E in combination with other vitamins. That report described borderline worsening of clinical outcomes. 17 While the number of AE and SAE were higher in the treatment group, the difference was not significant. Of particular note is that this and other reports 32 have identified trends toward worsening outcomes, including death and cardiovascular events. This is in contrast to recent findings in those with AD who show no difference or a trend toward better survival. 17 This profile must be considered when planning future trials with this agent.
Results in this study of adults with DS over 50 years of age indicate that fewer than a third had dementia at baseline and another third had incident Figure 2 Results of primary outcome: Brief Praxis Test (BPT)
Data are reported as raw score at each assessment interval. The active group received 2,000 IU vitamin E daily. The placebo group received a comparable capsule. dementia over the full study period. This agrees with the rates reported in studies of similar-aged adults with DS. 4, [33] [34] [35] This is in contrast with the 15% reported in a longitudinal study. 36 However, only highfunctioning (mean IQ 52) participants without dementia were included in that study.
We found a rapid rate of conversion to dementia of about 11% per year, supporting the accepted fact that dementia is a serious risk among aging individuals with DS. Nevertheless, the rate of clinical dementia never matched the reported universality of the neuropathologic hallmarks of AD in the brains of those with DS.
This international multisite clinical trial consortium in DS demonstrated effective ability to recruit and retain this challenging population in a multiyear study. Comprehensive assessment of clinical and cognitive outcomes was also accomplished and the selected outcomes demonstrated sensitivity to change over time. Regardless of dementia status or severity of disability, the outcome measures captured deterioration in aging individuals with DS. The CGI-C, adapted for adults with DS, demonstrated sensitivity to worsening, though it was not affected by vitamin E.
The consortium was able to establish the mechanism to identify individuals and to collect appropriate informed consent. A major concern with this population is the high likelihood of limited decisional capacity for clinical trial participation. However, the research experience of the clinical sites provided an advantage in that they were able to engage families and legally authorized representatives to evaluate the research risks and benefits, to weigh the decisions for participation, and to provide consent when appropriate. The sites created partnerships with participants, families, and public and private agencies that resulted in committed participation in this clinical trial and potential enthusiasm for consideration of future research to address important clinical needs. With many similarities between AD in DS and AD in the general population, studies in one population may inform the other. This is especially important in view of the delay in clinical expression of the dementia despite the neuropathology of AD, and a window of opportunity to intervene. With the infrastructure in place, it will be easier to include adults with DS in future clinical trials of AD treatments.
While the population is comparable to many with DS of this age who live in community-based residential settings, several limitations are worthy of note. We did not confirm trisomy but rather depended on medical record review. Our cohort was of advanced age for a DS population, limiting our knowledge of the usefulness of vitamin E in a young population. We collected no biomarkers of disease pathology, oxidative stress, or vitamin E levels. This was an intentional decision to reduce participant burden and maximize sample size for clinical outcomes. However, it may limit our knowledge of biological pathways associated with clinical decline and with therapeutic efficacy. Future studies might include such biomarkers, particularly as less invasive methods of data collection are developed.
Overall, vitamin E does not benefit cognition or function in aging individuals with DS. Trends toward negative outcomes indicate the need for caution in using this agent in this population.
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